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(54) APPARATUS AND METHOD FOR TREATING SUBSTRATE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To improve the treatment precision and treatment 
efficiency of cleaning, etc., on the surface of a substrate. 

SOLUTION: A discharge lamp 1 installed in a lamp house 1 2 faces the inside of a 
chamber 14, the substrate 10 is carried into the chamber 14 by a roller conveyer 1 1 , and 
the substrate 10 is irradiated with ultraviolet light from the discharge lamp 1 . The lamp 
house 12 is filled with nitrogen gas supplied from a nitrogen gas supply pipe 13, a 
humidified inert gas supply pipe 1 5 from which the mixed fluid of nitrogen gas and 
water vapor is supplied is connected with the chamber 14, the chamber 14 is filled with 
humidified inert gas to contain substantially no oxygen, the substrate 10 is irradiated 
with ultraviolet light of a short wavelength by the discharge lamp 1, organic substances 
are decomposed, the decomposed organic substances are converted into volatile 
substances, and the contact angle of the substrate 10 is decreased. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1 ] It is composition explanatory drawing of a dielectric barrier discharge lamp used for the substrate processor of this 
invention. 

[Drawing 2] It is the important section enlarged view of drawing 1 . 

[Drawing 3] It is the outline block diagram of the substrate processor in which the gestalt of operation of the 1st of this invention 
is shown. 

[Drawing 4] It is the outline block diagram of inert gas humidification equipment. 

[Drawing 5] It is the outline block diagram of the substrate processor in which the gestalt of operation of the 2nd of this invention 
is shown. 

[Drawing 6] It is the graph which shows the result which changed the kind of distributed gas to a substrate and performed the 
wettability improvement examination, and is a thing when making a substrate into a quiescent stale and irradiating ultraviolet 
radiation. 

[Drawing 7] It is the outline block diagram of the substrate processor in which the gestalt of operation of the 3rd of this invention 
is shown. 

[Drawing 8] It is the important section outline block diagram of the substrate processor in which the gestalt of operation of the 5th 
of this invention is shown. 

[Drawing 9] It is the important section outline block diagram of the substrate processor in which the gestalt of operation of the 6th 
of this invention is shown. 

[Drawing 101 It is explanatory drawing showing typically washing / dryness process of a substrate including the dry washing 
distance of the substrate by this invention. 
[Description of Notations] 

I Discharge Lamp 10 Substrate 

I I Roller Conveyor 12,1 12,212 Lamp House 
13,213 Nitrogen gas supply pipe 14,214 Chamber 

1 4a, 2 1 4a Entrance section 1 4b, 2 1 4b Outlet section 

15,215 Humidification-ized inert gas supply pipe 16 Pressure room 

18,218 Exhaust pipe 20 Nitrogen gas holder 

2 1 Charging Line 22 Flow Control Valve 

24 Mixed Container 27 Pure Water Storage Tank 

29 Pressure Regulating Valve 50 Dry Washing Process 

5 1 Wet Washing Process 5 1 a Shower 

52 Dryness Process 52a Air Knife Nozzle 

1 12a, 203 Windowpane 200 Reflecting plate 
201 Diaphragm 202 Separator 
2 1 2U Up field 2 1 2D Lower field 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 

DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] Like a liquid crystal panel substrate, a semiconductor wafer, a magnetic-disk 
substrate, and an optical disk substrate, this invention irradiates ultraviolet radiation on glass, a semiconductor, a resin, ceramics, 
metals, etc. and those compounded substrate front faces, and relates to the substrate processor and art by the ultraviolet radiation 
irradiation which processes washing, etching, etc. 
[0002] 

[Description of the Prior Art] For example, the circuit pattern in which the TFT substrate which constitutes the transparent 
substrate which constitutes a liquid crystal panel contains a transparent electrode etc. by the membrane formation means on the 
front face is formed. In this substrate manufacturing process, processing of washing, etching, etc. is performed to a substrate front 
A ?. for 9A \ch rrtrtrte processing, it is common that the wet-process method - which applies or inj ects predetermined 



processing liquid and performs it performs. However, in recent years, the dry process by processing called washing, etching, etc. 
of a substrate irradiating ultraviolet radiation is also performed increasingly. 

[0003] It precedes performing the wet process using the penetrant remover as the washing method of the glass substrate which 
constitutes a liquid crystal panel in JP,5-224167,A, and what was constituted so that processing which irradiates ultraviolet 
radiation at a substrate might be performed is indicated. By this well-known washing method, the ultraviolet radiation from a 
low-pressure mercury lamp is irradiated on the surface of a substrate as a last process which injects a penetrant remover and 
washes a substrate. While removing chemically the organic substance which has adhered on the surface of a substrate, when the 
wettability of this front face is improved, namely, a contact angle makes it small by irradiation of this ultraviolet radiation, the dirt 
of an inorganic substance is efficiently removed at the time of washing by the shower etc. Here, the wavelength can have a peak in 
1 85nm of outlines, and 254nm, and the ultraviolet radiation irradiated from a low-pressure mercury lamp can remove the organic 
substance which adhered to the substrate front face by the ultraviolet radiation which has such a peak-wavelength property. 
[0004] A decomposition product is activated while making it make it low-molecular by decomposing the chemical bond in the 
organic substance with the irradiation energy of ultraviolet radiation as a mechanism of organic substance washing by this 
ultraviolet radiation irradiation, moreover, the organic contamination activated since ozone occurred and this ozone was further 
changed into active oxygen when the oxygen in this, simultaneously air absorbed ultraviolet radiation oxidative degradation 
with active oxygen - final ~ COX, H2 O, and NOX etc. ~ it is changed into the quality of volatile matter, and this quality of 
volatile matter is emitted into air, and is made and removed 

[0005] By the way, in a short wavelength side, since it is 185nm, even if the wavelength of the ultraviolet radiation irradiated 
from a low-pressure mercury lamp is the organic substance adhering to the substrate, it may be unable to decompose the strong 
thing of chemical bond energy like double combination. Therefore, in order to wash a substrate more completely, you have to 
irradiate the ultraviolet radiation of still shorter wavelength. 

[0006] The above point is taken into consideration, vacuum-ultraviolet light is irradiated on a substrate front face from this 
discharge lamp using a dielectric barrier discharge lamp, and the method which carries out dry washing of the work is proposed 
byJP,7-196303,A. 

[0007] Here, the washing method shown in this JP,7-196303,A removes the organic contamination which has adhered on the 
surface of a substrate while producing an activity oxidizing quality decomposition product by the photochemical reaction by 
vacuum-ultraviolet light. That is, by decomposing the chemical bond which constitutes the organic substance from ultraviolet 
radiation with a wavelength of 172nm from a dielectric barrier discharge lamp, it is made to make it low-molecular and the 
decomposition product of a parenthesis is activated, moreover, the organic contamination activated since it was decomposed in 
the operation of ultraviolet radiation and the oxygen in this, simultaneously air was changed into active oxygen — oxidation 
reaction with this active oxygen - final - COX, H2 O, and NOX etc. - it is removed so that it may be changed into the quality of 
volatile matter and may be emitted into air, and as a result, the contact angle of a substrate becomes small 
[0008] However, since ultraviolet radiation is consumed in case the oxygen in air is decomposed, if the thickness of the air space 
between a discharge lamp and a substrate becomes large, the ultraviolet radiation which arrives at a substrate front face will 
decline exponentially. Consequently, the activation capacity over the organic substance on the front face of a substrate and the 
developmental-potency force of the active oxygen near the substrate front face decline, and the fault of falling remarkably has 
organic substance removal capacity. Moreover, an activity oxidizing quality decomposition product is generated by irradiating 
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vacuum-ultraviolet light at the fluid containing oxygen. Therefore, with the organic substance which has adhered on the surface of 
a substrate, since only oxidation reaction is produced, there is also a trouble that it may be efficiently unremovable with the kind 
of organic substance removable from a substrate front face etc. 

[0009] The place which this invention is made in view of the above point, and is made into the purpose is to raise the processing 

precision and processing efficiency in the front face of a substrate, such as washing. 

[0010] 

[Means for Solving the Problem] In order to attain the purpose mentioned above, as composition of the substrate processor of this 
invention The lamp house prepared so that the substrate for processed conveyed by the conveyance means might be countered, 
The dielectric barrier discharge lamp for being equipped in this lamp house and irradiating ultraviolet radiation at the 
aforementioned substrate, It has a humidification-ized inert gas generating means to supply the humidification-ized inert gas 
which mixed inert gas and the steam between the aforementioned substrate and the aforementioned dielectric barrier discharge 
lamp. It is characterized [ the ] by making this humidification-ized inert gas generate reducing active species [H,] and active 
species [of an oxidizing quality, and OH] by irradiating the ultraviolet radiation by the aforementioned dielectric barrier discharge 
lamp. 

[001 1 ] The opposed face to the substrate of a lamp house consists of synthetic quartz glass etc., and although the aperture which 
ultraviolet radiation penetrates can also be prepared, when preparing a lamp house in a chamber, you may be made to carry out 
opening of the opposed face to the substrate of a lamp house into this chamber here. In this case, the supply means of inert gas can 
be connected and prepared in a lamp house, and the inside of a lamp house can be established in the bottom of the atmosphere of 
inert gas by this. And the interior of a chamber is made into the humidification-ized inert gas atmosphere which does not contain 
oxygen substantially, and it considers as the composition which prepares the entrance section of a substrate in an end and 
prepares the outlet section in the other end. Although opening of the lamp house can be carried out into a chamber as it is, it can 
also equip with the isolation member divided to the path of a large number into which make opening of a lamp house penetrate 
ultraviolet radiation, and inert gas is made to flow. Moreover, it is desirable lo prepare the lack section for carrying out partition 
formation of the inside of a lamp house to the up field in which opening of an inert gas supply pipe is located, and the lower field 
in which a dielectric barrier discharge lamp is located, and circulating inert gas from an up field side towards a lower field side to 
a reflecting plate by arranging the reflecting plate which reflects ultraviolet radiation in the up position of the dielectric barrier 
discharge lamp in a lamp house. 

[0012] It connects with this chamber and a humidification-ized inert gas generating means can be constituted as a thing including 
a humidification-ized inert gas supply means to supply the humidification-ized inert gas humidified by including a steam towards 
the front face of a substrate. As composition of a humidification-ized inert gas supply means, it is arranged under the oil level of a 
pure water storage tank and this tank, and a thing equipped with piping for supply of nitrogen gas which prepared the micropore 
for much nitrogen gas jet can be used. The introductory pipe of humidification-ized inert gas connects to a tank, and can make it 
able to mix with the supply pipe of inert gas within a mixed container further, and this introductory pipe can adjust the steam 
concentration in gas, and it can consider as nothing and the composition which prepare a pressure regulating valve in this 
humidification-ized inert-gas supply pipe fiirther, and connect and prepare an exhaust-air means in a chamber so that a 
humidification-ized inert-gas supply pipe may be connected between this mixed container and chamber. 
[001 3] On the other hand, 1 st invention about a substrate art is characterized [ the ] by making the ultraviolet radiation irradiated 
from a dielectric barrier discharge lamp decompose a steam into the bottom of a mixed atmosphere of inert gas and a steam, 
making reducing active species [HJ and active species [of an oxidizing quality, and OH] generate, arranging a substrate in this 
atmosphere, and contacting these active species [H and], active species [, and OH] on a substrate front face. 
[0014] furthermore, as the 2nd invention about a substrate art Carry out level conveyance of the substrate into a mixed 
atmosphere of inert gas and a steam, and the ultraviolet radiation irradiated from a dielectric barrier discharge lamp to this 
substrate is irradiated. Disassemble the organic substance adhering to a substrate front face, and make a steam disassemble, and 
reducing active species [H,] and active species [of an oxidizing quality, and OH] is made to generate. So that a contact angle may 
be made small, while carrying out dry washing of the substrate front face by making these active species [H and], active species [, 
and OH] react with the decomposition product of the organic substance Nothing, Subsequently, by supplying a penetrant remover 
to this substrate, wet washing is performed and it is characterized by making it dry the substrate after this wet washing further. 
[001 5] Furthermore, the 3rd invention about a substrate art Carry out level conveyance of the substrate into a mixed atmosphere 
of inert gas and a steam, and the ultraviolet radiation irradiated from a dielectric barrier discharge lamp to this substrate is 
irradiated. Disassemble the organic substance adhering to a substrate front face, and make a steam disassemble, and reducing 
active species [H,] and active species [of an oxidizing quality, and OH] is made to generate. So that a contact angle may be made 
small, while carrying out dry washing of the substrate front face by making these active species [H and], active species [, and OH] 
react with the decomposition product of the organic substance Nothing, Subsequently, by supplying a penetrant remover to this 
substrate, wet washing is performed and it is characterized [ the ] by drying the substrate after this wet washing further 
[0016] 

[Embodiments of the Invention] Hereafter, the gestalt of operation of this invention is explained based on a drawing. First, the 
outline composition of the dielectric barrier discharge lamp (only henceforth a discharge lamp) used for the substrate processor of 
this invention at drawing 1 and drawing 2 is shown. 

[001 7] In these drawings, 1 is a discharge lamp. A discharge lamp 1 is constituted from the inner-tube section 2 and the 
outer-tube section 3 which were formed in one with both quartz glass by the quartz-glass pipe 4 formed in a circle. The interior of 
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this quartz-glass pipe 4 serves as the sealed discharge space 5. Inside the inner-tube section 2, the metal electrode 6 which 
consists of a cylinder-like metal plate is fixed and formed at this inner-tube section 2. Moreover, the wire gauze electrode 7 is 
formed in the peripheral face of the outer-tube section 3. And AC power supply 8 is connected between these metal electrodes 6 
and the wire gauze electrode 7. Furthermore, inside the inner-tube section 2, it is used as a path of the fluid for cooling for cooling 
a metal electrode 6 (for example, cooling water). 

[0018] If the discharge gas is enclosed with the interior of the quartz-glass pipe 4 and the high voltage of an alternating current is 
impressed between a metal electrode 6 and the wire gauze electrode 7, electric discharge plasma (dielectric barrier electric 
discharge) occurs between the dielectrics of the inner-tube section 2 and the outer-tube section 3, the atom of a discharge gas is 
excited by this electric discharge plasma, and it will be in a plasma electric discharge state. And in case it returns from this plasma 
electric discharge state to a ground state, a plasma electroluminescence arises. Although the emission spectrum at this time 
changes with discharge gases enclosed in the quartz-glass pipe 4, if xenon (Xe) gas is used, it will serve as luminescence of the 
homogeneous light which has main wavelength in 172nm. Moreover, if argon (Ar) gas is used as a discharge gas, the center of 
luminescence wavelength will be set to 126nm shorter than the wavelength of a low-pressure mercury lamp. And a metal 
electrode 6 functions as a reflecting plate, and since the wire gauze electrode 7 functions as a transparent electrode substantially, 
the ultraviolet radiation of this short wavelength is irradiated from the outer-tube section 3 side. In addition, charged pressure of 
the xenon gas in this case is set to about 350 Torrs. 

[0019] Next, the outline composition of the washing station of the transparent substrate which constitutes a liquid crystal display 
panel is shown in drawing 3 , using the above discharge lamp 1 . In this drawing, 10 is a substrate as an object with which 
washing is performed. A substrate 10 consists of sheet metal formed with glass, a semiconductor, synthetic resin, ceramics, the 
metal, etc., and is a square or a round shape as a flat-surface configuration. This substrate 10 is conveyed as a conveyance means 
in the direction shown in this drawing by the arrow with the roller conveyor 1 1 , and dry washing of the front face of a substrate 1 0 
is carried out in the meantime. For this reason, the lamp house 1 2 is formed in the position of the conveyance path by the roller 
conveyor 11. This lamp house 1 2 meets -the field which performs the washing processing, when a substrate 10 is conveyed with a 
roller conveyor 11. 

[0020] A lamp house 1 2 consists of a container in which the soffit carried out opening, and 1 or two or more discharge lamps 1 (a 
drawing three discharge lamps) are formed in the interior. Here, the soffit section of a lamp house 12 has met in the state of 
non-contact to the front face of a substrate 10, and is giving the minute crevice to the front face and lamp house 12 of a substrate 
10 by adjusting the conveyance height of the substrate 10 by the roller conveyor 11. The nitrogen gas supply pipe 13 which 
supplies the nitrogen gas (N2 gas) as inert gas to the upper part by dryness is connected to the lamp house 1 2. Therefore, in a 
lamp house 1 2, dry nitrogen gas is supplied by the predetermined pressure, and the interior is established in the bottom of the 
atmosphere which does not contain oxygen. It has suppressed that the ultraviolet radiation irradiated from a discharge lamp 1 by 
this until it results near the front face of a substrate 10 declines. 

[0021] 14 is a chamber which processes dry washing etc. and opening of the lamp house 12 is carried out into this chamber 14. 
Moreover, a chamber 1 4 contains the lower part of a roller conveyor 1 1 . And the humidification-ized inert gas supply pipe 1 5 is 
connected to the chamber 14, and the humidification-ized inert gas which consists of an interflow object of a steam and nitrogen 
gas is supplied from this humidification-ized inert gas supply pipe 1 5. Let the supply pressure of this humidification-ized inert gas 
be a low thing more slightly than the gas pressure of the nitrogen gas supplied in a lamp house 12 from the nitrogen gas charging 
line 13. Although the soffit section of a lamp house 12 is carrying out opening by this, humidification-ized inert gas does not enter 
in this lamp house 12. 

[0022] Moreover, in order to take out the substrate 10 by which dry washing of the entrance section 1 4a was carried out to the 
end side in order to introduce a substrate 10 in a chamber 14, outlet section 14b is prepared in the other end side. In order not to 
emit nitrogen gas and humidification-ized inert gas outside from opening of the ends in these chambers 14, the pressure rooms 16 
and 16 are formed in the ends of a chamber 14, and it is held by the pressurization air supplied from piping 17 in these pressure 
rooms 16 at the pressure state slightly higher than the interior of a chamber 14. Furthermore, the exhaust pipe 18 for exhausting 
compulsorily is connected to the chamber 14, and the interior of a chamber 14 is controlled by this to always become a fixed 
pressure. 

[0023] In addition, the pressure room 16 can also change it into a negative pressure state by making a negative pressure suction 
force act on piping 17 rather than can supply pressurization air. Thus, when the pressure room 16 is changed into a negative 
pressure state, gas will flow to the pressure room 16 side from entrance section 14a of a chamber 14, and outlet section 14b. 
Therefore, this pressure room 16 and piping 17 need to demonstrate the exhaust air function in a chamber 14, and do not need to 
connect and form an exhaust pipe 1 8 in a chamber 1 4 in this case. 

[0024] Here, the gas which included the steam in nitrogen gas is supplied from the humidification-ized inert gas supply pipe 1 5, 
and, for this reason, the humidification-ized inert gas supply pipe 15 is connected to inert gas humidification equipment. As 
concrete composition of this inert gas humidification equipment, as shown, for example in drawing 4 , it can constitute. It is the 
nitrogen gas holder with which 20 becomes the source of supply of nitrogen gas all over drawing, and the charging line 21 from 
this nitrogen gas holder 20 has branched on the way. One branch-line 2 1 a is connected to the mixed container 24 through the flow 
control valve 22 and the flowmeter 23 on the way. 

[0025] On the other hand, another branch-line 21b is led to the bottom of the oil level of a pure water storage tank 27 through a 
flow control valve 25 and a flowmeter 26. The micropore for much nitrogen gas jet is formed in the portion immersed in the pure 
water storage tank 27 of branch-line 21b. Therefore, if nitrogen gas is supplied by the predetermined pressure, nitrogen gas will 
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be in a foaming state from under the oil level of a pure water storage tank 27, it will rise to surface, and a steam is generated in the 
meantime, nitrogen gas will be humidified by this with a steam and the humidification-ized nitrogen gas as hurnidification-ized 
inert gas will be generated. Thus, the generated humidification-ized nitrogen gas is led in the mixed container 24 through the 
introductory pipe 28, it is mixed with the nitrogen gas from branch-line 2 1 a, and the concentration of the steam in gas is adjusted. 
The humidification-ized inert gas supply pipe 1 5 linked to the chamber 14 is connected to this mixed container 24, and it is 
equipped with the pressure regulating valve 29 in the middle of this humidification-ized inert gas supply pipe 1 5. Therefore, the 
pressure of the humidification-ized nitrogen gas in a chamber 14 is adjusted. 

[0026] By constituting as mentioned above, supply the nitrogen gas of a dry state to the interior of the lamp house 1 2 which made 
the discharge lamp 1 turn on, and humidification-ized nitrogen gas is made full in a chamber 14, and it considers as the state 
where oxygen is not included substantially. And with a roller conveyor 1 1 (what attached two or more rollers in the axis of 
rotation arranged with the predetermined pitch interval), a substrate 10 is drawn in a chamber 14 from entrance section 14a of a 
chamber 1 4, is conveyed at the rate of predetermined [ in this chamber 14], and passes the lower part of a lamp house 1 2. At this 
time, the ultraviolet radiation of short wavelength is irradiated by the front face of a substrate 1 0 from a discharge lamp 1 , and the 
front face is washed, and wettability is improved. 

[0027] It ** and the interflow object of nitrogen gas and water exists in the front face of a substrate 10, and its near, water will be 
disassembled by operation of the radiation by the ultraviolet radiation irradiated from a discharge lamp 1, and reducing active 
species [active species [of H and], and an oxidizing quality and OH] is generated as the result. Therefore, the contamination 
which consists of an organic substance which adheres to the front face of a substrate 10 by the irradiation energy of the ultraviolet 
radiation of short wavelength is disassembled. Thus, it is decomposed and the contamination made low-molecular produces a 
reduction reaction and oxidation reaction by the decomposition product of water further. That is, in the front face of a substrate 
10, and its near, since a reduction reaction is also produced not only by the oxidation reaction by operation of oxidizing quality 
active species [-OH] but by operation of reducing active species [H-], the organic substance disassembled by ultraviolet radiation 
is changed into the quality of volatile matter quickly and certainly, and this quality of volatile matter is emitted outside through an 
exhaust pipe 1 8 from housing 1 4. Dry washing is performed to the front face of a substrate 1 0 by this, and an organic 
contamination is removed. Moreover, the contact angle in the front face of a substrate 10 becomes small by irradiating the 
ultraviolet radiation of short wavelength under existence of a steam at a substrate 10. 

[0028] Thus, since the contact angle in the front face of a substrate 10 becomes small and wettability is improved, if shower 
washing etc. is performed at a consecutive process, easy moreover the corruption object of a mineral matter adhering to a 
substrate 10 can be removed completely, and a substrate 10 can be cleaned in the very pure state. Moreover, the surface state of a 
substrate 10 is improvable as pretreatment of application processes, such as a developer. 

[0029] Here, although it connected with the chamber and the lamp house was prepared, in order to simplify an equipment 
configuration more, for example, as shown in drawing 5 , it can also constitute from a gestalt of the 1 st operation mentioned 
above. It is made to cover a discharge lamp 1 completely by the lamp house 1 1 2 with the gestalt of this operation of this drawing 
£ . And the permeability of ultraviolet radiation it is opaque from synthetic quartz glass etc. equips a confrontation side with the 
substrate 1 0 of this lamp house 1 1 2 with good windowpane 1 1 2a. Since the inert gas enclosed in a lamp house 1 1 2 does not leak 
outside, it becomes unnecessary to make it flow that what is necessary is just to carry out specified quantity enclosure of the inert 
gas, whenever it uses the lamp house 1 1 2 which has such composition. 

[0030] Then, the kind of distributed gas to a substrate 10 was changed using the equipment shown in drawing 5 , and the 
wettability improvement examination was performed. The result is shown in drawing 6 . 

[003 1] Here, as distributed gas, a dried air, the humidification-ized air containing a steam, dry nitrogen gas, and the 
humidification-ized nitrogen gas containing a steam were used. Using the equipment of drawing 4 , a pipe bore is 5mm, and 
humidification-ized air and humidification-ized nitrogen gas inserted in the pure water storage tank the supply pipe which 
prepared ten micropores with a diameter of 1mm, by supplying gas to the interior, they generated humidification gas and mixed 
this humidification gas and the gas of dryness by the ratio of 1 : 1 . And when the substrate 10 has been arranged in the lower 
position of a lamp house 1 2, the result which processed where a roller conveyor 1 1 is stopped is shown in drawing 6 . 
[0032] In drawing 6 , a test result when a test result when a test result when a uses a dried air, and b use humidification-ized air, 
and c use dry nitrogen gas, and d show the test result when using humidification-ized nitrogen gas, respectively. Even if it uses the 
same gas from these, a contact angle becomes small in the state where it humidified with the dry state having humidified more 
quickly [ direction ]. Moreover, the degree to which a contact angle becomes [ the direction which uses nitrogen gas ] small 
becomes quick with air and nitrogen gas as gas. In case a substrate 10 is actually washed, a substrate 10 will be conveyed and the 
bearer rate of a roller conveyor 1 1 is set up according to the size of a lamp house 12. For example, if humidification-ized nitrogen 
gas is used and ultraviolet radiation will be irradiated about 1 5 seconds by the bearer rate of 30 mm/sec when the length of the 
conveyance direction of a lamp house 1 2 is set to 450mm, the early processing purpose can be attained. 

[0033] From the above thing, if humidification-ized nitrogen gas is supplied to a substrate 10, wettability will be improved more 
quickly and certainly. Moreover, it is volatilization— ization-removable, after decomposing very smoothly and certainly to this and 
the organic substance which adheres to a substrate 10 conjointly, since not only oxidation reaction but the reduction reaction was 
produced. Therefore, it is very advantageous in case a substrate 10 is processed on a scale of being industrial. And although a 
substrate 1 0 is sent in in a chamber 1 4 one by one at the rate of predetermined, since the steam contained in humidification-ized 
nitrogen gas in [ whole ] a chamber 14 is always held at a suspension state, washing and a wettability improvement are made 
more efficiently and certainly in the whole substrate 10. 
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[0034] Next, the gestalt of operation of the 3rd of this invention is shown in drawing 7 . In the gestalt of this operation, it has the 
lamp house 2 1 2 which formed the discharge lamp 1 , and the chamber 2 1 4 which processes dry washing of a substrate 1 0 etc. like 
the gestalt of the 1 st operation. A substrate 1 0 is conveyed by the roller conveyor 1 1 , and it is led in a chamber 2 1 4 from entrance 
section 214a, dry washing is performed by the ultraviolet radiation irradiated from a discharge lamp 1 in this chamber 214, and it 
is conveyed by the following process from outlet section 2 1 4b. Moreover, the nitrogen gas supply pipe 2 1 3 is connected into the 
lamp house 21 2, and the hwnidification-ized inert gas supply pipe 2 1 5 is connected to the chamber 214. Furthermore, the exhaust 
pipe 218 for performing compulsive exhaust air is also connected to the chamber 214. About the above composition, it is 
exceptionally same with the gestalt of the 1st operation. 

[0035] partition formation is carried out at appropriate lower field 212in which it is alike, reflecting plate 200 is formed in lamp 
house 212, and discharge lamp 1 was formed by this reflecting plate 200 in lamp house 2 1 2 D, and up field 2 1 2U to which the 
nitrogen gas supply pipe 2 1 3 was connected And the reflecting plate 200 is divided into plurality and the lack section of this 
reflecting plate 200 serves as passage where dry nitrogen gas circulates to lower field 2 1 2D from up field 2 1 2U. in addition, a 
reflecting plate - one sheet -- constituting - this reflecting plate - a slit and punch - the circulation way of dry nitrogen gas can 
be formed also by forming a hole etc. 

[0036] The near field which attends lower field 21 2D of a reflecting plate 200 is the total reflection side where mirror-plane 
finish was carried out, or coating of a reflective film was given. Therefore, total reflection of the component which goes to the 
upper part among the ultraviolet radiation irradiated from a discharge lamp 1 will be mostly carried out to this reflecting plate 

200, and it will be irradiated towards a substrate 10. The lack section of the reflecting plate 200 used as the circulation way of dry 
nitrogen gas is mostly located right above a discharge lamp 1 , therefore a reflector does not exist in this position. However, it is 
interrupted by the discharge lamp 1 even if it reflects the ultraviolet radiation which goes in this direction. Therefore, the 
ultraviolet radiation irradiated from a discharge lamp 1 contributes to dry washing of a substrate 1 0 that there is almost no loss. In 
addition, improvement in the irradiation efficiency of the ultraviolet radiation to a substrate 10 can be further aimed at by coating 
the whole inside of a lamp house 2 1 2 with a reflective film, or carrying out the mirror finish of the whole wail. 

[0037] Moreover, a reflecting plate 200 carries out partition formation of the inside of a lamp house 21 2 at up field 21 2U and 
lower field 21 2D. Therefore, the nitrogen gas supplied in a lamp house 212 from the nitrogen gas piping 213 will flow into lower 
field 2 1 2D from the lack part of the reflecting plate 200 which two or more places were made to distribute, after piling up in the 
up field 2 1 2 at once. Consequently, it is supplied so that it may become almost uniform flow rate and pressure at the whole lower 
field 21 2D in which the discharge lamp 1 is formed. Especially, a reflecting plate 200 will be located in the lower part of the 
opening position of the nitrogen gas piping 213, and dry nitrogen gas will attain to uniformly the whole lower field 2 1 2D of the 
lamp house 2 1 2 which had a predetermined breadth by the nitrogen gas piping 2 1 3 of one by not making the lack section exist in 
this position. 

[0038] Furthermore, the diaphragm 201 is attached in the chamber 214 at the arrangement section of the roller conveyor 11. The 
contact section to the substrate 1 0 of each roller which constitutes a roller conveyor 1 1 is carrying out opening of this diaphragm 

201 . Moreover, the diaphragm 201 is maintained at the non-contact state to the rear face of a substrate 10. Thus, it can suppress 
that change the pressure in a chamber 21 4 and the flow of humidification-ized nitrogen gas is disturbed in the time of a substrate 
10 being sent out from the time of penetration, and outlet section 214b of a chamber 214 in a chamber 214 as much as possible 
by forming a diaphragm 201 in a chamber 214. 

[0039] Here, a diaphragm 201 can also consist of plate heaters. Thus, when heater ability is given to a diaphragm 201, the 
substrate 10 conveyed by the roller conveyor 1 1 will be warmed within a chamber 214. Consequently, processing of dry washing 
in the front face etc. is more efficiently performed by the temperature rise of a substrate 10, and improvement in a throughput is 
achieved. 

[0040] Furthermore, drawing 8 shows the form of operation of the 4th of this invention, and in the form of this operation, it 
constitutes it so that the boundary section may be prepared in opening into the chamber 214 of a lamp house 212 between the dry 
nitrogen-gas-atmosphere mind in a lamp house 212, and the humidification-ized inert gas atmosphere in a chamber 214. It is 
constituted by the separator 202 which has predetermined thickness as composition of this boundary section. This separator 202 
has a honeycomb structure, grillage construction, etc., has many minute paths penetrated up and down over the whole surface, and 
serves as a reflector by coating a reflective film over the whole which includes the inside of each minute path etc. 
[004 1 ] By constituting as mentioned above, by holding the pressure of the dry nitrogen gas in a lamp house 2 1 2 in the pressure 
state higher very slightly than the inside of a chamber 214, partition formation can be carried out bordering on a separator 202 at 
the dry nitrogen-gas-atmosphere mind in a lamp house 212, and the humidification-ized inert gas atmosphere in a chamber 214, 
and it can prevent certainly that humidification-ized inert gas invades in a lamp house 212. And since it has many minute paths in 
a separator 202 and the whole separator 202 of a parenthesis is coated with the reflective film, even if it enlarges thickness of this 
separator 202 to some extent, ultraviolet radiation passes through the inside of the minute path of this separator 202, and 
moreover, a part is certainly drawn in a chamber 214, reflecting by the minute path inside. 

[0042] It is good also as composition equipped with the windowpane 203 which makes the ultraviolet radiation which was shown 
in drawing 9 , and which replaces with a separator and consists of synthetic quartz glass etc. like the form of the 5th operation 
penetrate further again. In this case, although dry nitrogen gas is supplied with the nitrogen gas supply pipe 21 3 in a lamp house 
2 1 2, since this lamp house 2 1 2 is sealed substantially, it is necessary not to continue pouring dry nitrogen gas. 
[0043] make it any - in the form of these [ 3rd ] - the 5th operation, a pressure room can be established in entrance section 214a 
of a chamber 2 1 4, and outlet section 2 1 4b like the form of the 1 st operation And when making a pressure room into negative 
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pressure, it is not necessary to form an exhaust pipe 218. 

[0044] As it mentioned above, as a result of performing dry washing of a substrate 10, an organic contamination can be removed 
from the front face of a substrate 10, and the contact angle in a front face can be reduced. It will pass through the process typically 
shown in drawing 10 after dry washing of this substrate 10. 

[0045] In drawing 10 , although 50 is the dry washing process mentioned above, as a process which the wet washing process 51 
is established as a process of consecutiveness of this dry washing process 50, and follows the wet washing process 51 further, it is 
the dryness process 52. By this, the front face of a substrate 10 can be defecated completely. 

[0046] At the wet washing process 5 1 **(ed) and illustrated, the pollutant of the inorganic substance which adheres to the front 
face of a substrate 10 with' the pure water which is injected from shower 51a, and which carried out ultrasonic excitation is 
removed. Here, at this wet washing process 5 1 , there are scrub washing which used the brush etc. besides shower washing, 
dipping washing performed by being immersed in an ultrasonic-cleaning tub, and although any one kind of these washing 
methods is sufficient, two or more kinds of washing methods can be combined. The pollutant which consists of the organic 
substance and an inorganic substance is removed nearly completely from the front face of a substrate 10 by this, and a substrate 
10 is washed until it will be in a very pure state. Moreover, although there is a spin dryness method etc., for example, if it is in 
some which were illustrated as a dryness method in the dryness process 52, the dryness method by the air knife effect using air 
knife nozzle 52a is shown. As for a substrate 10, washing and dryness are completely made by this. 

[0047] Moreover, it is also possible to perform wet washing and dryness previously and to perform dry washing after that. For 
example, when considering as pretreatment of application processes, such as a developer, wet washing removes a pollutant from 
the front face of a substrate 10 first. And the substrate 10 which carried out in this way at once, and was washed is dried, and it is 
made to perform dry washing further. By performing this dry washing, the surface state of a substrate 10, i.e., an improvement of 
a contact angle, can be performed. Consequently, paint films, such as a developer which is a consecutive process, can apply 
uniformly. 
[0048] 

[Effect of the Invention] Since this invention was constituted as mentioned above, the effect of raising the processing precision 
and processing efficiency in the front face of a substrate, such as washing, is done so. 
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BASIC-ABSTRACT: 

NOVELTY - The apparatus has lamp house (12) provided opposing 
substrate (10). 

The dielectric barrier discharge lamp (1) is mounted on lamp house 
and 

irradiates ultraviolet ray to substrate. The feed pipe (15) supplies 
humidified inert gas containing mixture of inert gas and water vapor 
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substrate and lamp (1). Hydrogen and hydroxyl radicals are formed by 
irradiating ultraviolet ray to inert gas by lamp (1). 

DETAILED DESCRIPTION - An INDEPENDENT CLAIM is also 
included for processing 
method of substrate. 

USE - For processing of substrate made of glass, semiconductor, 
resin, ceramic, 

metals, etc. and substrates such as liquid crystal panel, 
semiconductor wafer, 
magnetic disc, optical disk, etc. 

ADVANTAGE - Cleaning and etching of substrate surface, are 

performed 

efficiently. 

DESCRIPTION OF DRAWING(S) - The figure shows the schematic 

block diagram of 

substrate processing apparatus. 
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Lamp house 12 
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